Objective-To estimate the cardiac output produced by external cardiac compression during standard cardiopulmonary resuscitation performed by two groups of operators with different levels of experience and training. Methods-Cardiac output was measured by Doppler aortovelography. All patients included in the study had necropsy examinations. Only patients without evidence of pulmonary embolism, myocardial rupture, aortic valve disease, or acute depletion of the intravascular volume were included. Results-31 patients presenting to the accident and emergency department suffering from non-traumatic cardiac arrest had cardiac output measurements made during resuscitation. Eleven patients were excluded after necropsy examination. The median cardiac index for the 20 study patients was 3.2 L min-' m-'. The Cardiac output can be estimated noninvasively using Doppler aortovelography.9 In this technique, a beam ofhigh frequency sound is reflected back from moving blood cells. The frequency of the reflected sound varies with the velocity and direction of the target.'0 From the difference in the frequency of the incident and reflected beams and the cross sectional area of the ascending aorta, the cardiac output can be estimated. In most cases the cross sectional area of the aorta cannot be accurately measured, so alternative Doppler indices of cardiac output have been used including systolic velocity integral or stroke distance. These Doppler indices have been shown to reflect cardiac output. " In this study, necropsy examinations after unsuccessful resuscitation allowed measurement of aortic diameter so that cardiac output could be assessed more accurately.
External cardiac compression has been used in humans since 1960' and the cardiac output produced by the technique, even when practised by experienced personnel, is less than the expected resting level.2 In order to improve the efficiency of the procedure and eventual clinical outcome, several modifications of the technique have been suggested. These have included intermittent abdominal compression,' variation in the rate of cardiac compression,4 or the relationship between compression and ventilation.5 6 More recently, massage using a mechanical compression-decompression plunger and pneumatic vest have been developed.7 8 Estimation of cardiac output following these modifications has largely been by invasive methods.
Cardiac output can be estimated noninvasively using Doppler aortovelography. 9 In this technique, a beam ofhigh frequency sound is reflected back from moving blood cells. The frequency of the reflected sound varies with the velocity and direction of the target.'0 From the difference in the frequency of the incident and reflected beams and the cross sectional area of the ascending aorta, the cardiac output can be estimated. In most cases the cross sectional area of the aorta cannot be accurately measured, so alternative Doppler indices of cardiac output have been used including systolic velocity integral or stroke distance. These Doppler indices have been shown to reflect cardiac output. " In this study, necropsy examinations after unsuccessful resuscitation allowed measurement of aortic diameter so that cardiac output could be assessed more accurately.
The aim of our study was to compare the cardiac output produced by external cardiac compression when this was performed by personnel with different levels of experience and training. We also compared the degree of resuscitation trauma associated with different operators.
Methods

PATIENTS
Patients who had suffered a non-traumatic cardiorespiratory arrest were eligible for the study. To calculate the cardiac output, the computer software requires a value for the aortic root diameter; it was therefore programmed with a value of 30 mm and the data were saved on to the computer disk. When the actual root diameter was known from a necropsy examination, the data were retrieved from disc and amended in order to recalculate the cardiac output. It is these recalculated measures of cardiac output that are quoted in the results section.
The Doppler measurements were made independently of the medical staff involved with the resuscitation, and the decision to terminate resuscitation was made on clinical grounds; the presence of the additional equipment was irrelevant in this respect.
NECROPSY EXAMINATION
Necropsy examination of the patients was undertaken, and if the myocardium or circulatory system was not intact, if there was evidence of major antemortem haemorrhage, if pulmonary thromboembolism was present, or if there was any evidence of aortic valvular stenosis or incompetence, the case was excluded from the study. The aorta was split longitudinally and the internal circumference measured at a distance of three cm above the aortic valve leaflets and parallel to their plane. From this measurement, the aortic root diameter was calculated and this value was then fed back into the Doppler computer for calculation of the actual cardiac output. The length and weight of the body were measured at necropsy and from these the body surface area"4 and the cardiac index were calculated.
STATISTICAL METHODS
The results of the cardiac output produced by the two groups of operators were compared using the Mann-Whitney U test.
Results
Thirty one cases were assessed. Eleven were excluded because necropsy examination was not undertaken or because it showed one of the exclusion criteria, so 20 cases were entered into the study. In each case, basic cardiac life support was begun within five minutes of the cardiac arrest and measurement of cardiac output begun within 20 We have shown that the skill of a competent operator maximises cardiac output without increasing injury to the chest wall or to the thoracic or abdominal contents. The cardiac output produced in the canine model increases significantly with a modest increase in the depth of compression'4 but the incidence of resuscitation related trauma in our series of 20 cases was no greater than in other published series.
It is possible that the enhanced cardiac output which we have shown is due to more vigorous external cardiac compression, but without an increase in trauma.
The normal resting cardiac index is 2. probes would be required to assess blood flow along the major arteries branching from the aortic arch to verify this distribution of flow.
The Royal College of General Practitioners has recently introduced a practical assessment of a candidates competence to provide basic cardiac life support. The examination requires that at least 70% of the compressions satisfy strict criteria of hand position, sternal compression, and rate of compression when assessed on a mannequin.1" Our experienced personnel have satisfied more strict criteria, which required the hand position to be correct for 100% of the compressions and that at least 85% of the compressions, tested on a mannequin, were correct with regard to both the depth and rate of sternal compression. It is likely, therefore, that the higher cardiac output produced by our experienced personnel reflects better training. We have subsequently used the Doppler technique to feedback directly to the operator in order to maximise cardiac output during cardiopulmonary resuscitation in humans.
In conclusion, we have shown that the cardiac output, measured by Doppler aortovelography-produced when fully trained personnel use standard cardiopulmonary resuscitation-can be similar to the resting cardiac output. The cardiac output produced is operator dependent, being higher when massage is performed by fully trained personnel. Previous research has been invasive or used animal models, and the Doppler technique which we have used is simple to use and reliable. It can be used to give direct feedback to the masseur in order to help maximise cardiac output from cardiopulmonary resuscitation. 
